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Introduction
The human papillomavirus (HPV) is the main cause of cervical cell abnormalities and cervical cancer [1] [2] [3] [4] . HPV infections are common in young women, with reported rates between 28% and 46% in women under the age of 25 [5, 6] . HPV infections are usually associated with low grade cervical cell changes and in most women the immune response causes regression of these abnormalities without treatment. In some women, HPV infection persists and this can be associated with the development of high grade abnormalities. Persistent high grade cervical abnormalities can progress over time to invasive cervical cancer [7] .
In New Zealand (NZ), the National Cervical Screening Programme (NCSP) guidelines state that all women who have ever had sexual intercourse should be offered a three-yearly cervical smear test from age 20 to age 69 [8] . If this is the first ever smear, or more than 5 years have elapsed since the previous smear, a second smear is recommended one year after the first, with three-yearly smears thereafter. The incidence of cervical cancer in NZ is currently 5.4 per 100,000 women [9] . The distribution of HPV genotypes in cervical specimens collected from women in NZ who had been diagnosed with high grade cervical cell abnormalities (between 2009 and 2011) [10] or invasive cervical cancer (between 2004 and 2010) [11] has been investigated. Across all ages (20-69 years) , the most common HPV types associated with high grade cervical intraepithelial neoplasia (CIN grades 2 and 3) were HPV16 (51%), 52 (19%), 31 (17%), 33 (13%), and 18 (12%). However, there was a trend for higher rates of HPV16 and 18 infection compared with other HPV genotypes in women aged 20-29 years. The most commonly detected HPV genotypes associated with invasive cervical cancer were HPV16 (51%), 18 (21%), 31 (4%), 45 (3%) and 52 (3%).
The efficacy of an HPV vaccine for preventing cervical dysplasia has been demonstrated through randomized controlled trials [12, 13] and was first licensed in 2006. In late 2008, a 3-dose quadrivalent HPV vaccine (containing HPV virus-like particles of types 6, 11, 16, and 18) was offered to young NZ women born in 1990 and 1991. In terms of cervical cancer risk, HPV 16 and 18 genotypes are high risk types, [14] while HPV 6 and 11 genotypes are low risk types but are responsible for 90% of anogenital warts [14, 15] . In 2009, the HPV vaccine program was extended to girls and young women born from 1992 onwards. As part of the immunization program, the HPV immunization was available fully subsidized for girls and young women from 9 years old to their 20th birthday. HPV vaccination coverage in NZ has increased from 38% (for all three HPV doses) for the cohort born in 1990 to 66% (for all three HPV doses) for the cohort born in 2002 [16] . At the beginning of 2017, a 2-dose nonavalent HPV vaccine which, in addition to the types included in the quadrivalent vaccine, contains HPV virus-like particles of types 31, 33, 45, 52, and 58 was introduced in NZ. The nonavalent vaccine is available fully subsidized in NZ for everyone, male or female, aged 9-26.
Following the introduction of the quadrivalent HPV vaccine in 2008, we were interested to investigate whether there was any evidence of a change in the proportion of HPV 16 and 18 positive lesions in young women with high grade lesions.
Materials and methods
Participants were n = 392 consenting women with cervical intraepithelial neoplasia grade 2 (CIN2) enrolled in the PRINCess trial. PRINCess is a multicentre prospective trial of CIN2 observational management in women under 25 years [17] . A total of n = 613 young women who had biopsy-diagnosed CIN2 following a referral to colposcopy for an abnormal smear with no previous high grade abnormality were recruited to the PRINCess trial through large colposcopy units in New Zealand and Australia between 2010 and 2016. Fifty-eight percent (613/1053) of all eligible young women with CIN2 lesions identified through the participating colposcopy units agreed to undertake observational management in place of immediate treatment and consented to participate in the PRINCess trial. As routine partial HPV genotyping only began in 2013, only data from NZ women recruited between 2013 and 2016 with HPV genotyping has been analysed (n = 392). These women (mean age 21.8, range 17-24) had biopsydiagnosed CIN2 following a referral to colposcopy for an abnormal smear with no previous documented high grade abnormality.
Partial HPV genotyping (HPV 16, HPV 18, other high risk HPV, or high risk HPV not detected) was undertaken on liquid-based cytology samples taken either at the same time as their CIN2 biopsy (n = 309) or at their first follow up visit 6 months later (n = 83). Depending on the usual practice at each recruitment center either SurePath (Becton Dickinson, Franklin Lakes, NJ, USA) or ThinPrep (Hologic, Malborough, MA, USA) liquid-based cytology (LBC) collection systems were used. Depending on the usual practice at each recruitment center either a Roche Cobas X 480 polymerase chain reaction (PCR) (Roche, Pleasanton, CA, USA) or Abbott Real-Time PCR (Abbott Molecular, Inc., Des Plaines, IL, USA) DNA amplification system was used for HPV detection.
Lesions were grouped into four HPV genotype groups; (1) HPV 16 or 18 positive; (2) HPV 16 or 18 plus other high risk HPV positive, (3) positive for any high risk HPV genotype except HPV 16 or 18 (other HRHPV), or (4) high risk HPV not detected. The relative proportion of each group was determined each year to investigate change over time using a non-parametric test for trend across ordered groups [18] as implemented in STATA (nptrend StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp LP). HPV vaccination status was known for 78% (304/392) women. The impact of quadrivalent HPV vaccination (at least one dose) on the relative proportion of HPV16/18 positive (+/-other HRHPV positive) CIN2 lesions each year was also investigated using nptrend analysis. Significance level was set at alpha =0.05. A logistic regression model was used to investigate predictors of the presence of HPV16/18 genotypes. Covariates included in the regression model were year of CIN2 diagnosis, HPV vaccination status (yes, no, or not recorded), smoker (yes or no), size of the lesion (small lesion < 0.5 cm vs medium/large lesion ≥0.5 cm), colposcopic impression of the grade of the lesion as assessed by the colposcopist (normal/low grade vs high grade), grade of referral cytology abnormality (low grade vs high grade), and grade of cytology abnormality at the visit where CIN2 was diagnosed (normal/low grade vs high grade).
PRINCess has clinical trial registration (ANZCTR trial number ACTRN12611000547943), was approved on 14/04/10 by the Multiregion Ethics Committee (Ethics reference: MEC/09/07/079), and has site-specific local authorization. The PRINCess protocol is available at http://www.otago.ac.nz/christchurch/otago073807.pdf.
Results
The overall group of n = 392 women included~100 young women with newly diagnosed CIN2 lesions recruited each year of analysis except 2016 when fewer women were recruited (n = 78) due to recruitment ceasing in October that year. Over time there was an increase in the proportion of women with CIN2 who had been referred with high grade cytology (i.e., atypical squamous cellscannot exclude HSIL [ASC-H] or greater) (nptrend z = 2.29, p > |z| = 0.022). Fifty-four percent of the women with CIN2 recruited in 2013 were referred with high grade cytology. By 2016, the proportion of women referred with high grade cytology increased to 69%. See Supplementary figure.
HRHPV genotypes were detected in the cytology of 96% (377/392) of those women. The proportion of women where HRHPV genotypes were not detected was 4-5% between 2013 and 2015, but decreased to 1% by 2016. Overall, 52% (59/114) of HPV16/18 positive women were also positive for other HRHPV genotypes. Table 1 summarizes the HPV genotypes associated with CIN2 lesions in the overall study population and in each year of study. Fig. 1 shows the changing relative proportions of HRHPV genotype positivity associated with CIN2 lesions in our cohort between 2013 and 2016. In 2013, 43% of women were HPV16/18 positive ( ± other HRHPV positivity) but this proportion dropped to 13% in 2016. Trend analysis (excluding women with no HRHPV detected) revealed a significant decrease in the proportion of women who were HPV16/18 positive ( ± other HRHPV) compared with those who were HPV16/18 negative between 2013 and 2016 (nptrend z = 4.35, p > |z| < 0.001).
The proportion of women positive for other HRHPV genotypes ( ± HPV16 or 18 positivity) increased from 75% to 91% over the same time period. Trend analysis (excluding women with no HRHPV detected) revealed a significant increase in the proportion of women who were positive for other HRHPV genotypes ( ± HPV16/18) compared with HPV16/18 positive (negative for other HRHPV genotypes) between 2013 and 2016 (nptrend z = 2.59, p > |z| = 0.010).
HPV vaccination status was reported for 78% (304/392) women. See Table 2 . Where vaccination status was reported, n = 156 (51%) reported having had at least one dose of the quadrivalent HPV vaccine. Of these, 79% (123/156) reported having had all three doses. Thirteen percent of women reported having had 2 or fewer doses and 8% did not recall how many doses they had received. There was no linear trend for change over time in the proportion of women with CIN2 lesions who had had at least one dose of the HPV vaccine (nptrend z = -0.89, p > |z| = 0.38). Trend analysis (excluding women with no HRHPV detected) revealed no significant decrease over time in the proportion of HPV-vaccinated women who were HPV16/18 positive ( ± other HRHPV) compared with those who were HPV16/18 negative (17% were HPV16/18 positive in 2013 vs 9% in 2016, nptrend z = 0.99, p > |z| = 0.32). In contrast, there was a decrease over time in the proportion of unvaccinated women who were HPV16/18 positive (+/other HRHPV) (66% were HPV16/18 positive in 2013 vs 17% in 2016, nptrend z = 4.49, p > |z| < 0.001). See Fig. 2 .
A logistic regression model revealed that, compared to the unvaccinated group, the vaccinated group had a decreased probability of being HPV16/18 positive (OR 0.11 [95% CI 0.04-0.30], z = -4.40, p < 0.001). Compared with the unvaccinated group, the group with unknown vaccination status also had a decreased probability of being HPV16/18 positive (OR 0.40 [95% CI 0.17-0.96], z = -2.05, p =0.04).
Later year of CIN2 diagnosis was associated with a decreased probability of being HPV16/18 positive (OR 0.51 [95% CI 0.37-0.72], z = -3.95, p < 0.001). However, there was no significant interaction between vaccination status and year of CIN2 diagnosis. Compared with a normal or low grade colposcopic opinion, high grade colposcopic opinion was associated with an increased probability of being HPV16/18 positive (OR 1.83 [95% CI 1.05-3.2], z = 2.13, p < 0.04). Other covariates (i.e., smoking status, grade of referral cytology, grade of cytology at the time of CIN2 biopsy, and lesion size) were not predictive of HPV16/18 positivity.
Discussion

Main findings
We observed a rapid decline in the proportion of CIN2 lesions which are associated with HPV16 or 18 genotypes in our cohort of young NZ women between 2013 and 2016.
Vaccinated women had the low rates of HPV 16/18 positive lesions across the entire time period, however, a substantial decrease in HPV 16/18 positivity was observed in unvaccinated women.
Strengths and limitations
The study is of importance because it is the first documentation of a change in HPV-type in NZ women with cervical abnormalities since the vaccination program commenced.
The women in this study were a subset of women enrolled in the PRINCess study. PRINCess was designed to determine the safety and outcome for women with CIN2 undergoing observational management and the data presented in this paper represents the incidental observation of HPV genotype changes over time. As participation in PRINCess required a considerable time commitment including up to four biopsies over two years, the recruitment rate (58%) was considered reasonable. However, as this is not a population-based study, the observations are open to bias. In addition, as women with lesions diagnosed as CIN3 were excluded from the study, our observations cannot be extrapolated to all young NZ women with high grade histological abnormalities. Vaccination status was recorded by the colposcopist and not verified, some women were unable to recall whether they were vaccinated or not, and in some cases vaccination status was not recorded. The majority (79%) of woman who reported being HPV-vaccinated also reported having had all three doses. The proportion of women who reported incomplete vaccination was relatively small and the collected information was deemed too imprecise to accurately stratify results by number of doses.
PRINCess participants were recruited from all large colposcopy centres around NZ, the number of women recruited per year was reasonably constant, and the proportion of screened women recruited also reasonably constant (~180-200 women annually 2013-2016). While the proportion of HPV16/18-related CIN2 lesions in this cohort decreased rapidly over time, other factors such as smoking and age did not change.
In order to increase the number of women with reported vaccination status available for analysis, we decided to include n = 83 women who had not had HRHPV genotyping until their first follow-up appointment (6 months after CIN2 diagnosis). These additional women were all HRHPV positive and, importantly, the proportion of women each year that were HPV16/18 ( ± other HRHPV) positivity was not substantially different if these women were excluded from analysis (44% vs 43% in 2013, 30% vs 29% in 2014, 27% vs 27% in 2015, and 13% vs 13% in 2016).
Interpretation
The rapid decline in HPV 16 and 18 associated CIN2 lesions, may be attributable to the introduction of the quadrivalent HPV vaccination in NZ in 2008. Reports from other countries have indicated relative reductions in vaccine HPV genotype infections in sexually-active young women in the years after HPV vaccine introduction compared with before vaccine introduction [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] and in vaccinated compared with unvaccinated young women [29, 30] . Relative reductions in high grade cytological and histological abnormalities have also been reported in young vaccine-eligible women in the years after HPV vaccine introduction compared with before vaccine introduction [31] [32] [33] [34] [35] [36] and in vaccinated compared with unvaccinated young women [29, [37] [38] [39] [40] [41] [42] . Interestingly, we observed an increase in the proportion of women with CIN2 who had been referred with high grade cytology over time. This may be due to the effect of decreasing HPV 16/18. That is, low grade cytology which is HPV 16/18 negative may be more likely to also be low grade histologically.
Over a similar time period to our study, the NZ National Cervical Screening Programme (NCSP) reported a 6% decrease in the number of screening smears in women aged 20-24 years (2012-2016) [43, 44] . However, over the same period, there has been a 21% drop in high grade CIN2 and CIN3 histologies reported in women aged 20-24 years [43, 44] . If our figures are extrapolated, the reduction in high grade histologies observed in NZ is consistent with the hypothesis that vaccination is associated with reduced prevalence of HPV16/18-related high grade abnormalities. From our data we are unable to determine whether the prevalence of non-HPV16/18 disease has changed and population studies are required to determine whether the prevalence of high risk HPV genotypes is changing in the overall population.
Perhaps the most interesting observation from our study is the decreasing proportion of HPV16/18-related lesions in unvaccinated women over the study period. While these numbers are small and caution is needed in extrapolating to the overall population, this may reflect a reduction in HPV16/18 associated CIN2 lesions due to a reduction in the prevalence of HPV16/18 infections in the sexually active population or 'herd effect'. Evidence of the herd effect leading to decreased HPV16/18 prevalence in unvaccinated young women has previously been reported in the Australia [19, 45] and Scotland [28] .
However, both Australia and Scotland have consistently had higher HPV vaccination rates than NZ (e.g., vaccination rates for women born in 1994 of 73% in Australia and 86% in Scotland compared with 54% in NZ) [16, 42, 46] . With a HPV vaccination rate around 50% for women aged 13-17 years, [47, 48] the United States has more similar vaccination rates to NZ. A US population study observed a decrease in the proportion of HPV16/18 positive high grade lesions from 54% to 28% between 2008 and 2012 in vaccinated women (18-39 years) , but observed no decrease in HPV16/18 positive lesions in unvaccinated women or women with unknown vaccination status [49, 50] . However, a more recent US study, has observed a decrease in the prevalence of vaccine-type HPV from 19.5% in 2009-2010 to 9.7% in 2013-2014 (prevalence ratio 0.44, 95% CI 0.22-0.91) in a general population of unvaccinated women aged 18-26 years [35] . Vaccine-type HPV prevalence did not change and remained low in young vaccinated US women over the same time period [35, 47] . Inclusion of boys and young men in vaccination programs should further enhance the herd effect. The HPV vaccination program was extended to boys and young men in Australia in 2013 and at the beginning of 2017 in NZ.
While vaccinated women had the lowest rates of HPV16/18 positive lesions across the entire time period, a significant proportion of vaccinated women were nonetheless HPV16/18 positive. This could be due to a number of factors including incorrect self-reporting of vaccination status or incomplete vaccination (i.e., receiving fewer than the recommended 3 doses). However, the most likely important contributing factor is that when the vaccine was introduced in late 2008 it was offered only to those born in 1990 and 1991 (i.e., 17 and 18 year olds).
The following year, the vaccine was offered to women born from 1992 onwards (i.e., 17 years or younger). The mean age of vaccine uptake has dropped over time but in those initial years the mean age of vaccination was around 17 years old meaning that a proportion of those women may have already been exposed to HPV16/18 prior to vaccination. While we do not have data on the age that our participants were vaccinated, 50% of our cohort of vaccinated women were born in 1992 or earlier meaning that it is likely that they were 17 or 18 when they were vaccinated.
If the epidemiology of HPV-related abnormalities is changing in the young vaccine-eligible population, it is important to consider if this has implications with regard to the natural history of cervical disease. Other research has shown non-HPV16/18 lesions are less likely to progress to CIN3 or greater [51] . We look forward to ongoing population-based studies of HPV prevalence and further studies that correlate HPV-type to the natural history of disease and clinical outcomes.
Conclusion
We have observed evidence of a reducing proportion of HPV16/18related CIN2 in our cohort of NZ women under the age of 25. We attribute this to the national HPV vaccination program which was introduced in NZ in 2008. It is notable that while vaccinated women had the lowest rates of HPV16/18 positive lesions across the entire time period, a decrease in HPV16/18 positivity was observed in unvaccinated women which may be due to a herd effect.
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